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Outline

* UK high-resolution global climate models:
past and future developments

* The role of resolution:
— Energy and water cycle considerations
— High-impact precipitation
* The role of resolution: emerging processes
and interactions
— Tropical and extra-tropical cyclones
— Tropical Instability Waves
— ENSO



Frontiers of model development:

High-resolution Climate Modelling
P.L. Vidale, L. Shaffrey, M. Roberts, M.E. Demory, J. Strachan

GCMs developed within

GCMs developed within
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MO-JCRP AGCMs: Unified Levels
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UJCC-HIGEM run status
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Global mean radiation budget

NUGAM
HadGAM | HadGAM | HIGAM | NUGAM | " /" | ERA-interim
atN48 | (N96) | (N144) | (N216) (P. Berrisford)
orography
t surf
neLsumtace ) 110 110 111 111 111 108
radiation
Global SH 18 17 18 18 18 17
LH 91 92 01 01 91 83
t surf
netsurace ) oy 27 23 23 23 21
radiation
Land SH 9 9 9 9 10 8
LH 12 16 13 13 13 13
t surf
netsurace | g7 83 88 88 88 87
radiation
Ocean SH 9 8 9 9 8 9
LH 79 76 78 78 78 70

Yearly mean of averaged global radiation in W/m2 (fluxes are positive downwards).

Models are based on 24-year climatology, ERA-interim on twice daily 12 forecast data.
Marie-Estelle Demory and Pier Luigi Vidale



Global mean eva

1 mm/day = 28.9 Wm-2

ooration, precipitation

HadGAM | HadGAM | HIGAM | NUGAM NESQE;M ERA-interim
at N48 (N96) (N144) [ (N216) (P. Berrisford)
orography
Precipitation 3.13 3.17 3.15 3.15 3.15 2.9
Global
Evaporation 3.13 3.17 3.15 3.15 3.15 2.9
Precipitation 0.58 0.74 0.66 0.70 0.68 0.67
Land Evaporation 0.41 0.53 0.44 0.44 0.44 0.44
Evaporation to
Precipitation 71% 72% 67% 63% 65% 66%
ratio
Precipitation 2.55 2.43 2.49 2.45 2.46 2.20
Ocean
Evaporation 2.72 2.64 2.71 2.71 2.71 2.41




Spring in Europe: mean precipitation in our Global Climate Models
CMAP TRM CRU ROBS

mm/month TRMM—-GPCP mm/month CRU mm/month ROBS Alpine dataset mm/month
o a - : . n " " . . . " " . .

CMAP
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20 50 80 110 140

(mm/month)
e Poor distribution of precipitation maxima in HadGAM and HIGAM

e Better spatial distribution in NUGAM (compared to special, high-density Alpine
precipitation dataset)
— Dry shadow over the mountains well represented in NUGAM
— Experiments with degraded orography have revealed that transport of moisture is the main mechanism

e Crucial skill in modelling impacts, e.g. river flow, agricultural crops, etc.

Marie-Estelle Demory and Pier Luigi Vidale



Frequency of precipitation (%)

Precipitation frequency-intensity
relationship over the Alps

1979-1992 (land only)

45 T ~+» Compared to the Alpine
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Marie-Estelle Demory and Pier Luigi Vidale



High-impact (extreme) precipitation: where can
we expect flash floods?

95t percentile of precipitation in European winter

95th percentile of daily precipitation (djf 1979-1992) 95th percentile of daily precipitation (djf 1979-1992)
95th percentile mm/day 95th percentile mm/day

[CONTOUR FROM 800 TO 6000 BY 100] [CONTOUR FROM 800 TO 6000 BY 100]

95th percentile of daily precipitation (djf 1979-1992) 95th percentile of daily precipitation (djf 1979-1992)
) 95th percentile mm/day ] 95th percentile mm/day

[CONTOUR FROM 800 TO 6000 BY 100] CONTOUR FROM 800 TO 6000 BY 100]

Marie-Estelle Demory and Pier Luigi Vidale

Better representation
of the location of high-
impact events in
NUGAM GCM
(coastline, dry
shadow)

Better representation
of scales relevant for
river catchment work.

Crucial modelling
capability for
hydrological impacts
studies, normally only
possible with Regional
Climate Models.



Storms in climate models

A e i e

NUGAM (N216 HadGAM1a) 7 FEB 1979 08h UTC UK- Japa" Climate Collaboration

Model by the UJCC Team and UKMO/NCAS collaborators: http://www.earthsimulator.org.uk
Movie by: R. Stockli (NASA Earth Observatory, USA) and P.L. Vidale (NCAS, UK) s,,,uum



Finding the real tropical cyclones

Locate and track Using a feature tracking

centres of high methodology developed
vorticity at Reading University by
Kevin Hodges

60N —H

30N

308

Eliminate tracks
with a lifetime of
less than 2 days

60S

T T
330W  300W 270W 240W 210W

330W  300W 270W 240W 210W 180  13RMW |

Accept tracks only if they .-
have the correct vertical __ |
structure (warm core)
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What resolution is good enough?

HadCM3 Atmospheric grid HadGEM1 Atmospheric grid HiGEM Atmospheric grid NU-GEM Atmospheric grid

Increasing

resolution of the
UKMO Hadley
Centre Global
Climate Model
50 N
0 1600 3200 4800

HadCM3 HadGEM HIiGEM NUGEM .

Example from studying Tropical Cyclones:
Location? Frequency? Intensity?

Simulation lengt
The climate modellers dilemma:

1)Spatial resolution
2)Model domain

3)Model complexity
4)Simulation length




Statistics of Tropical Cyclones in integrations with identical, imposed
fSea Slurface Temperatures (25 years AMIP2): roles of resolution and
ormulation

- High resolution
LowTresolution NH TC track density (May-Nov)
o~ N96;135km N216=60km
Hadley Y a3
Centre Ry
MIROC
ECHAMS
“OBS”

0.25 0.75 1.25 1.75 2.25 2.75 3.25 3.75 4.25 4.75

ERA40 JRA25 Best Track

(warm core only)



850hPa Wind
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Do dynamically modelled tropical cyclones simulate

the correct intensity?

Maximum storm intensity (as measured by vorticity)

HadGAM (20 yrs AMIP II)

cific

0.35
~—— HiGAM (20 yrs AMIP 1II)
. 0.3 ——— NUGAM (20 yrs AMIP II)
5 = HiGEM (150yrs)
; 0.25 1 —— ERAinterim (1989-90)
s ERA40 (1980-99)
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© .
2 015 Role of coupling to the ocean
©
£
o 0.1
=
0.05 |
07 A
LN LN LN n L LN n L n LN n wn Tp} LN n L n N n wn Tp}
A N aNaAdaNANANAN- AN ARNI AN ACARNGCGRB NGOGONDN N
HHNNMMQ‘Q’LDLOLD&OI\I\OOG)O\O\SSS
Maximum vorticity (1e-5 s-1
v ) West Pa
30
25
20
15
Tropical cyclone intensity 0

in global climate models and re-analyses °

TS

All TS Catl Cat2 Cat3 Cat4 Cat5

M Best Track
HNUGAM
H HiGAM

B HadGAM



Geographical distribution of storms with respect to storm intensity

ow resolution

Intensity bias correction would
need to take into account::
1) Temporal sampling

2) Resolution

3) Height

Mid resolution

Storm count

~
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~
-~
-~
-~
-~
-~
~
~ o~

ERNrtem C2

Track density (W Pacific)

e JERRT ] A e
H'GAM _ ERAinterim
(lower res) (higher res) reanalysis




In 1989-2004, correlations with BT: HadGAM= 0.16; HIGAM=0.54 NUGAM=0.66

Number of Tropical Storms

Annual Atlantic Tropical Storm Count

m BestTrack

mmm ERAInterim (0.75)
mmm NUGAM (0.66)
BestTrack
—ERAinterim
—NUGAM

In 1990-1999, including ERA40 and ERAInterim

Annual Atlantic Tropical Storm Count

N
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Extra-tropical cyclone tracks in long-term HadGEM and HiGEM simulations (AOGCMs)

HadGEM HIGEM

genesis

0.4 12 2.0 2.8 3.6 4.4 5.2
[ B[ [ [

0.0 0.8 1.6 24

3.2 4.0 4.8
J. Catto and L. Shaffrey



Composite structure of the 50 most extreme wintertime
Northern Hemisphere storms in ERA-40 and HiGEM

ERA-40 HIGEM

3 9 15 219 27 33 39 45 51 3 9 15 219 27 33 39 45 51

BT [ [ [ [ [ - BN [ [ [ T [ -
0 6 12 18 24 30 36 42 48 0 6 12 18 24 30 36 42 48

Colours — windspeed, Black lines — 1000hPa isobars, Red lines -
850hPa to 500hPa temperature thickness

Courtesy of Jen Catto



Storm intensity
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mean seasonal blocking frequency

mean seasonal blocking frequency

Blocking

Winter
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L. Barnes



What resolution is good enough?

HadCM3 Atmospheric grid HadGEM1 Atmospheric grid HiIGEM Atmospheric grid NU-GEM Atmospheric grid

Increasing resolution
of the UKMO Hadley
Centre Global Climate
Model
T — — '
0 1600 3200 4800
HadCM3 HadGEM HIGEM NUGEM .
Tropical cyclone T IS T S T D
o : O < 2
activity information 3 Q I
. o S )
gain: Oo @O~ st.
S $

~
Simulation length (s
years



HadGEM and HIGEM SSTs

e HadGEM1 SSTs present a fairly substantial cold bias, still present at 1.2
e Improvement in HIGEM is especially important in the tropical Pacific

e The net TOA radiative flux for HIGEM1.2=0.67Wm=2 (into the climate
system)

: GEM12 1/30
HadGEM1.2 1-1/3° ocean HIGEM1.2 ocean
75N : | =i 'l 75N i 1 |
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o B . . .5
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¥ L} - - i -
o™ - ﬂ | ass z %
- - >
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50 year annual mean HadGEM1.2 and HiIGEM1.2 SST errors relative to
Reynolds SSTs. Units K



1/3° ocean

HIGEM: Wind Stress Divergence and SST (Snapshot)
aF T T ni

Tropical instability
waves

« Tropical Instability Waves in the
Tropical Pacific Ocean are shear
instabilities that grow in the
equatorial current-counter current

Lamoe
<

Longitude
SyStem -4 -35 -3 -2.' -: s -; -0:5 0 ‘Z' ; 'li 2 25 3 35 4
- They propagate SIOWIY WeStwardS HadGEM:V'IindSuessDivergeml:eandSST[Snapshot')
(~0.5ms1) N u

* Resolved in HIGEM, poorly resolved in
HadGEM,;

* Responsible for meridional heat transport
in the tropical Pacific

* Invoked for explaining improved mean
state in that region of the ocean, important \
for El Nifio I RN\

* See papers by M. Roberts and J. Harle sSE_ >\ |

1-1/3° ocean Shaffrey et al, 2009, J. Clim.

Lantuse

Longitude




Eddies, SSTs and ENSO

* Role of resolved versus parametrised
ocean mixing, for example:
— Tropical Instability Waves emerge in

90km-1/3° model (HIGEM),
performing meridional mixing near

r
Depth (m}

T —— —— 160w 140W 1208 100M Equator;
12 15 18 21 24 27 Longitude . .
j:_” mmm———__"HEM .« ENSOis poorly represented in the

standard Hadley Centre climate
model (HadGEM1); a more realistic
ENSO is simulated by the high-
resolution HIGEM model;

— is this because the HIGEM mean

state in the tropical Pacific is so
much closer to reality ?

Depth (m)

T

160w 140w 120w 100w

Loniitude

-27-18-09 0 098 1.8 27

— if so, this is a good example of a
Eddy heat flux smaller scale phenomenon affecting

the large scale mean state and,
convergence through it, a major element of

climate variability.

o)
180G 160W 140w 120w 100w

12 15 18 21 24 27

Ocean temperature

profile along Equator Roberts et al, 2009, J. Clim.



20N

208

20N

20N

F S '
o

T

y

{7) )

T
120E 150E

N
3]
N
(&)

T
180

1
Y
»E

N
& Qy‘

1
0
é :

2D.

3
o

El Nino in HIGEM

Observations (HadISST2)

El Nino DJF Sea Surface
Temperature composites
from HadISST?2,
HadGEM1.2 and
HIGEM1.2. Units K

HadGEM1 .2 133 years climatology

The warming of the
Tropical Pacific during
an El Nino event is well

captured in HiIGEM,

HIGEM1.2

*This source of natural variability affects the
distribution and number of TCs ...



El Nino in HIGEM

Normalised Nino3 monthly
SST anomaly spectra
| . ‘ : .

0.8 — LoA-LoO (0.75
o — HiA—-HiO (0.93)
g T ope 152972002 (57N Normalised Nino3 SST
g 06 Power Spectra for
5 HadISST, HadGEM1.1 and
S 04 HIGEM1.1

Sl

Period (years)

Both the spatial and temporal characteristics of ENSO, and its remote
teleconnections, are better simulated in HIGEM relative to HadGEM

Why does the ENSO improve in HIGEM?
Shaffrey et al, 2009, J. Clim.



Impact of natural variability on simulated
tropical cyclones

Nifno-CTL TCs from 133 years of HIGEM
NH TC track density (May-Nov)

HIGEM-NINO-CTL TDEN

Nifna-CTL TCs from 133 years of HIGEM
NH TC track density (May-Nov)

HIGEM-NINA-CTL TDEN

« HIGEM has significant skill
at simulating El Nifo and La
Nifia conditions

» Under EI Nifio (La Nina)
conditions, there is an
eastward (westward) shift in
tracks to the central Pacific
Ocean (East Asia)

 Improving understanding of
the impact of natural
variability on TCs, may
provide an element of (short
term) predictability if we
know the background state
of the climate



Madden-Julian Oscillation (MJO)

Observatlons (AVHRR) Low res coupled (135km/1 deg)

30 4~z
- 20— :—
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Hi-res coupled (90km/3r°'deg)

Lag (days)

60W

0 60E 120E 180 120W

180 120W 60W

0 60E 120E

Propagation of MJO convection along the equator
OLR (5N-5Savg, 20-100days, Oct-Apr): Lag autocorrelation with 90E value
A. Clayton



Frontiers of model development: Cascade

Scale interactions in the tropical atmosphere, S. Woolnough et al.

Case IStudies

\ \ '
Idealised
West Africa Warm Pool « Warm Pool
- African Easterly « MJO WA W Convection
Yaves + Maritime ‘BN g s
2R N ™ Cnntinant .@ .@ s 0
::‘:: E:.::::::: 108

30 20 d0 0 10 20 3%
n=1 Rossby

20N

Model Evaluation against
Observations

e CloudSat/CALIPSO: vertical clou

—
DIroperiie y 7

Synthesis
» Analysis of scale interactions
* Insight into physical processes

« Compare with climate / NWP
resolution




Cascade Comparison with hi-res (5 km) satellite data Oct. 19

Models capture

tropical cyclones

in western Indian Ocean,
but not the generation of
deep convection in the
eastern Indian.

Observations:

globLAM: days since 2008-10-09 00:00:00: 10.35

40x60 km grid:

LN o
100 1104720 130140 1 160 ™70 180

OLR (W m—2)

75 132 190 247 304 361 419

12 km grid:

C. Holloway,
see his poster




From UJCC and HiGEM to the Met Office —- NERC
Joint Research Programme (JRP)

GCMs
GCMs developed within developed within NOV 09 NWP
HiGEM-UJCC programmes, 2003-2009 JRP, 2009- HIGEM2 ?

HadGEM1 PreC|p|tat|on (mm/day) NUGEM Precipilation (mm/day)

HIGEM Precipitation (mm/day)

HadG EM3-H \s:2 Precipitation (mm/day)
~— ~ ‘(‘7 ‘b ? » = v )

1.88°x1.25°, Axgy =135 km 1.25°x0. 83° AX50N =90 km 0. 83°X0 56 AXsON =60 kmO. 83°X0 560 X50N =60 km 0.35°x0.23°, AXSON = 25 km
Double vertical

\ ‘ l resolution,
Flux coupler Model top at 80km
P v o

o o o
1 -1/3 ocean model 1/3 ocean model

' - 1/12°
v T = L

model ?
1I4 NEMO
ocean model




Climate predictability and prediction

HiIGEM Decadal Predictability Experiments
Shaffrey, Hawkins, Sutton, Smith, Vidale,

= We will provide near-term, decadal predictions using HIGEM to the CMIP5
near-term climate change experiment

= HIGEM is highest-resolution coupled model used for DP in CMIP5

= Implemented a methodology based on DePreSys, an anomaly assimilation
scheme which Doug Smith developed at the Met Office

T 4 1940 1996 1940 1996

—

Forecasts

Transient run Assimilation

Spin-down experiments completed;
Anomaly assimilation technique tested and implemented;
First hindcast test runs progressing



Summary

Current (IPCC AR4) global climate models lack many of the skills required to
answer societal needs for predicting climate risks and their attribution at the
regional scale;

Presented a model hierarchy, comprising grid spacing between:
— 270km and 60km in the atmosphere
— 1-1/3°and 1/3°in the ocean

Cyclones emerge at all scales, but their intensity in sensitive to (increases with)
resolution

The coupled model (HIGEM) reveals some interesting scale interactions:
— between TIWs and equatorial Pacific SSTs, which help to support a more realistic ENSO;
— between ENSO and tropical cyclones

Our datasets are useful tools to understand climate and its variability:

— globally consistent synthetic data sets, traceable in terms of mechanisms

— global information at scales that start to be appropriate for regional impacts studies

Our participation in the next IPCC, with the submission of near-term, high-
resolution decadal predictions to CMIP5, embodies the essence of UJCC and
HiGEM, marking the shift to a new level of collaboration between NERC and the
Met Office, under the auspices of the Joint Climate Research Programme (JCRP).



A prototype model hierarchy

Groups
involved
Targeted expts with specific
A Mot R&D Ultra high resolution processes
et *  ‘Global’ Atmosphere (N320, CASCADE, ...) .
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